adenomas. 18 The characteristics of the patients are presented in tAble 1. The study was approved by the ethics committee of the Jagiellonian University Medical College.
Fundus abnormalities and visual field defects were assessed retrospectively from patients' medical records. Tumor size, defined as its largest dimension, sella turcica destruction, cavernous or sphenoid sinus invasion, and optic chiasm compression (tAble 1) were evaluated from 1.5 T magnetic resonance images obtained at baseline and at 3 to 6, 12, 24, 36, and 48 months after the surgery. Routine T 1 -weighted spin-echo sequences were obtained before and after the administration of gadolinium chelate (0.1 mmol). All images were evaluated by the same radiologist.
Tumor invasiveness was assessed on the basis of the radiological criteria of Knosp et al. 19 and Zada et al. 20 and patient surgical records. Tumor recurrence or progression was defined as regrowth (enlargement) of residual pituitary adenoma after the surgery.
Patients with prolactinoma who required pharmacological treatment (6 of 13 patients) received a dopamine agonist (bromocriptine) for 3 to 6 months. Patients with acromegaly (8 of 16 patients) were treated with a somatostatin analogue (octreotide long-acting release [LAR]) 6 to 12 months before the surgery. Patients with pituitary insufficiency received appropriate hormone replacement therapy. Before the surgery, no patient was diagnosed with diabetes insipidus. Recurrence of hormonal secretion was considered in replication and cell division, 12 indicating cell proliferation activity in many tumors. It is also a target for several cytostatic drugs.
13,14
Determination of topo IIα activity enabled to distinguish a group of invasive pituitary adenomas. 15, 16 Wolfsberg et al. 17 found a strong correlation between MIB1 and topo IIα expression in these tumors.
The aim of our study was to investigate whether topo IIα expression, assessed by immunohistochemical staining, could be used as a prognostic factor in the treatment of patients with pituitary adenomas. We investigated the correlation of the topo IIα labeling index with the demographic, clinical, and imaging data of those patients.
PAtIents And methods
This was a retrospective study including 60 patients with pituitary adenomas who underwent pituitary surgery and were admitted to the Department of Endocrinology of the Jagiellonian University Medical College, Kraków, Poland, between the years 2003 and 2006. Each patient was followed up for 48 months after the surgery. All patients were operated by the same team of neurosurgeons. Tumors were removed by transsphenoidal resection. The final diagnosis of the patients was based on demographic and clinical data, results of postsurgical specimen histopathology, and evaluation of magnetic resonance imaging (MRI) retrieved retrospectively from their medical records. The same group of patients was also studied with respect to cyclooxygenase-2 (COX-2) expression in pituitary Between the 3rd and 48th month of postoperative follow-up, a recurrence or progression of pituitary tumor (diagnosed by MRI or hormonal tests) was reported in 22 of 60 patients (36.7%).
Expression of topo IIα was reported in 44 of 60 cases (73%) of pituitary adenoma. Topo IIα immunoreactivity was present in cell nuclei additionally stained with hematoxylin (FIGure 1) . The values of the topo IIα labeling index ranged from 0% to patients who did not fulfill the generally accepted criteria for cure after surgery. [21] [22] [23] [24] Surgically obtained specimens of pituitary adenomas were stained with hematoxylin and eosin. The following specific primary antibodies against pituitary hormones were used: adrenocorticotropic hormone (ACTH), growth hormone (GH), prolactin (PRL), thyroid-stimulating hormone (TSH), luteinizing hormone (LH), follicle-stimulating hormone (FSH) (Dako, Glostrup, Denmark). All samples were evaluated by the same pathologist. Tumors with atypical morphological features such as increased pleomorphism and elevated mitotic activity, suggestive of invasive growth, were defined as "more aggressive". Pituitary adenoma specimens were classified according to the WHO criteria. Tumors with no expression of ACTH, GH, PRL, TSH, LH or FSH were classified as hormone immunonegative adenomas.
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Immunohistochemical staining for topo IIα with monoclonal immunoglobulin G-class antibodies directed against C-terminal domain of human topoisomerase (NCL-TOPOIIA, Novocastra, Novocastra Laboratories Ltd, New Castle upon Tyne, United Kingdom) was performed in optimum dilution (1:30). The antigen was retrieved by microwave treatment at 95 o C in citrate buffer (pH = 6.0). Overnight incubation with primary antiserum (NCL-TOPOIIA) at refrigerator temperature was followed by incubation with a secondary biotinylated antibody for 30 minutes. Next, avidin-biotin complex horseradish peroxidase (30 minutes) with diaminobenzidine tetrahydrochloride as chromogen was applied for up to 8 minutes using microscopy, followed by counterstaining with hematoxylin (Mayer's Hematoxylin, Life Technologies, United Kingdom).
Control of specificity of the primary antibody and positive and negative control tests were performed according to the manufacturer's instructions. Sections of anaplastic gastric cancer served as positive control. Substitution of the primary antibody with phosphate buffered saline (pH = 7.4) served as negative control. Tumor sections were immunostained for topo IIα and evaluated by optical microscopy (NIKON OPTISHOT-2, Nikon, Tokyo, Japan) at × 400 magnification. The topo IIα labeling index was evaluated as the percentage of positively stained cells with respect to the total of at least 2000 cells viewed in each section.
Basic statistical and comparative analyses appropriate to the distributions of data points were performed. The Kolmogorov-Smirnov, Mann- In 32 of the 60 patients (53.3%) with documented visual defects, the median value of the topo IIα labeling index was higher compared with patients The RR of tumor recurrence in patients with topo IIα expression was not statistically significant. However, in patients with topo IIα expression exceeding 1%, an RR was 3.5 (95% CI, 1.8-6.9; P <0.001), ie, the RR of tumor recurrence was 3.5-fold higher.
In Cox multiple regression analysis, only topo IIα expression exceeding 1% remained an independent predictor of tumor recurrence or progression on MRI (tAble 2) . At the cut-off level of a topo IIα index of 1%, topo IIα expression showed 63.6% sensitivity and 86.8% specificity in predicting tumor recurrence or progression. A large area under the ROC curve (AUC, 0.76; 95% CI, 0.62-0.90; P <0.001) indicated high significance of topo IIα expression in predicting tumor recurrence or progression (FIGure 5).
Expression of topo IIα was not significantly higher in patients with hormone secretion recurrence compared with other patients (1.04% [0.0-1.21] vs. 0.65% [0.0-1.01], P >0.05). topo IIα expression was not related with the risk of hormone secretion recurrence (RR, 1.0; 95% CI, 0.4-2.7; P >0.05), also in patients with the topo IIα index exceeding 1% (RR, 2.3; 95% CI, 0.9-5.4; P >0.05).
In patients with acromegaly treated with octreotide LAR before the surgery, the mean topo The Kaplan-Meier plots showed a significantly higher recurrence rate for MRI-confirmed tumors in the group with the topo IIα index exceeding 1% compared with that with a topo IIα index of 1% or lower (P <0.001; FIGure 4A). The same finding was observed in patients with hormone immunonegative adenomas (P <0.01; FIGure 4b) . et al. 16 reported a negative correlation between topo IIα expression and patient age. However, our study group differed from those in the above studies in the number of patients and the spectrum of adenomas analyzed. In our study, topo IIα expression was higher in macroadenomas and correlated with tumor size, in agreement with the results reported by Suzuki et al. 15 Wolfsberger et al. 17 observed no correlation between topo IIα expression and tumor size, while Vidal et al. 16 suggested a negative correlation.
In hormone immunonegative adenomas, topo IIα expression was higher compared with that in other tumors. In particular, we observed a high topo IIα index in large adenomas compressing the optic chiasm and penetrating the cavernous sinus. On the basis of MRI findings and hormonal test results, it may be concluded that high topo IIα index values may be observed predominantly in nonfunctioning macroadenomas.
Our results concur with those of Saeger et al. 25 who evaluated the expression of Ki-67, topo IIα, and cyclin D 3 as proliferation markers in hormonally inactive pituitary adenomas.
In studies by Vidal et al. 16 and Wolfsberger et al., 17 which involved larger groups of patients, the highest topo IIα expression levels were observed in pituitary carcinomas, silent-ACTH adenomas, prolactinomas, somatotropinomas, and silent subtype 3 adenomas. The results of our study were slightly different. A large dispersion in topo IIα index values observed in our relatively small group of patients with diverse types of pituitary adenomas and no pituitary carcinoma may have affected the results of our statistical analysis.
We found the evaluation of visual field to be a significant clinical indicator of pituitary tumor invasiveness that correlates with topo IIα expression. Visual field impairment was observed in 65% of our patients with macroadenomas, which was consistent with the correlation between topo IIα expression and tumor size. Visual field impairment in up to 74% of adenoma patients was reported by Thomas et al. 31 Tumor recurrence or progression in patients undergoing transsphenoidal surgery was observed in 30.8%
6 to 46% 28 of the cases. Over a 4-year follow-up, we observed tumor recurrence or progression in 36.7% of the cases, as shown by MRI, which was most likely due to a large tumor size and nonradical surgery.
We found significantly higher topo IIα expression in patients with tumor recurrence or progression, indicating that the predictive factor of tumor regrowth is represented by a high value of the topo IIα index rather than by topo IIα expression itself. While no markers of an increased risk of recurrence have been established so far, our novel finding is that the topo IIα labeling index exceeding 1% predicts pituitary adenoma regrowth. The multiple regression analysis showed that the topo IIα index exceeding 1% dIscussIon In our study, we investigated topo IIα expression as a proliferation marker of pituitary tumors in patients who underwent neurosurgery. We evaluated a relationship between the topo IIα labeling index and demographic data of patients as well as tumor features to establish the prognostic value of topo IIα in predicting tumor invasiveness. We examined topo IIα expression in the context of tumor progression or recurrence and indication for reoperation or radiotherapy. We also analyzed the effect of preoperative treatment with somatostatin analogues on the topo IIα index in patients with acromegaly, and with dopaminergic agonists in patients with prolactinoma. So far, no prognostic advantage of topo IIα over Ki-67 has been shown. 16, 17, 25 Pituitary tumors are usually benign and slowly growing and present no clinical manifestations, as evidenced by the discrepancy between the number of symptomatic adenomas and the number established on autopsy.
26 Local invasion and infiltration of the adjacent structures as well as postoperative regrowth or maintanance of hormonal function are potential indicators of aggressiveness. [27] [28] [29] [30] In order to treat patients more effectively, rather than wait to confirm tumor recurrence by MRI, new markers of invasiveness and proliferation of pituitary adenomas are being sought to identify patients with atypical pituitary adenomas. In our group of 60 patients, 73% expressed topo IIα compared with 76% of the patients reported by Vidal et al. 16 In agreement with Suzuki et al. 15 and Wolfsberger et al., 17 we found that topo IIα expression did not depend on patient age. However, Wolfsberger et al. 17 found that female sex is significantly associated with a higher topo IIα index. Vidal is an independent predictor of MRI-confirmed tumor recurrence or progression. Therefore, our study suggests that patients with the topo IIα index exceeding 1% are at a higher risk of tumor recurrence, and should thus be monitored more frequently and referred for radiotherapy early.
In line with the results reported by Suzuki et al. 15 and Vidal et al., 16 we showed higher topo IIα index values in tumors that compressed or infiltrated the sella turcica and cavernous sinus compared with tumors without such features.
Preoperative treatment with somatostatin analogues in patients with acromegaly results in a significant decrease in topo IIα expression. Somatostatin receptors are not expressed exclusively in the pituitary cells. They are targeted in diagnosis and therapy in numerous diseases. 32, 33 The use of somatostatin analogues, apart from achieving tumor shrinkage and better metabolic balance, also improves the efficiency of neurosurgery. [34] [35] [36] Low topo IIα index values in our patients treated with octreotide LAR provide evidence of their effectiveness, at the molecular level, in controlling GH-producing adenomas. Vidal et al. 16 drew similar conclusions concerning topo IIα expression in patients who received preoperative treatment with somatostatin analogues.
High topo IIα expression may be helpful in identifying adenohypophyseal tumors responsive to antiproliferative therapy. The possibility exists to introduce agents inhibiting the expression of topo IIα in hormone immunonegative adenomas where pharmacotherapy is currently limited. [37] [38] [39] In our study, these tumors showed the highest topo IIα expression levels and a high recurrence rate.
It is worth noting that somatostatin analogues and dopamine agonists have been shown to be efficient in about 12% and 27.6% of the patients, respectively, in nonfunctioning pituitary adenomas, as reported by Colao et al. 40 We have shown this treatment to effectively decrease topo IIα expression. However, there are currently insufficient evidence-based data to clearly recommend somatostatin analogues and dopamine agonists for treatment of nonfunctioning pituitary adenomas.
The analysis of immunocytochemistry results and better understanding of the subcellular mechanism that underlies pituitary tumor development will allow to establish new markers of tumor aggression and novel targeted therapies.
In conclusion, the topo IIα labeling index exceeding 1% may be used as a prognostic factor for the recurrence or progression of pituitary tumors, especially in hormonally inactive adenomas. topo IIα expression correlates with tumor size and degree of tumor invasiveness or with compression of anatomical structures around the sella turcica. Topo IIα may constitute a marker that enables to select patients with potentially aggressive pituitary adenomas for further therapy. Use of somatostatin analogues in patients with acromegaly inhibits topo IIα expression, providing molecular evidence for the effectiveness of these analogues.
